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Handbook Overview

Why do we need a Storage Handbook?

" [ndustry needs an unbiased overview of storage
technologies, performance metrics, system costs,
regulatory issues, codes and standards

" Fast-changing technology, evolving cost targets
and regulations




Handbook Overview — Cont’d ()
Why is it innovative?

" |t is a hands-on guide and desk reference

" Detailed system cost data; technology updates;
storage system ownership and acquisition guidance:
has sample RFl and RFP documents




Handbook Development )

= Landmark collaboration between DOE, EPRI and
NRECA — content written jointly

" Different perspectives: EPRI —regulated utility;
NRECA - rural co-operative

" Content development guided by an active ten-
member Advisory Panel representing utilities,
system vendors, regulators and industry
associations

= Audience is utility and co-operative
engineers/decision makers , policy makers,
investors and researchers

—
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ESHB Document Format and OE=N
Availability

UNLIMITED RELEASE

SANDIA REPORT
SAND2013

Unlimited Release

June 30, 2013

" PDF format only, 12 MB file size

DOE/EPRI 2013 Electricity Storage
Handbook in Collaboration with NRECA

Abbas A. Akhil, Georgianne Huff, Aileen B. Currier, Benjamin C. Kaun, Dan M. Rastler,
Stella Bingqing Chen, Andrew L. Cotter, Dale T. Bradshaw, and William D. Gauntlett

= Downloaded over 2,700 times
during first month —
from US and Overseas servers

i) Sandia National Laboratories

" Free download from: oo |

http://www.sandia.gov/ess/publications/SAND20
13-5131.pdf
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ESHB Update — FY14

Sandia
National
Laboratories

Comments and suggestions to be submitted via website
http://www.sandia.gov/ess/handbook.php

Suggestions are automatically acknowledged; reviewed for
relevance and validity by the authors; contacted again if
the suggestion leads to a change in the Handbook content

Added to the computational tools section based on the
findings of the ESA/Navigant report

Minor corrections, format clarity; graphics cleanup

Prepare plan for a comprehensive update of the cost
database in collaboration with EPRI and NRECA

—
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Overview

Events/News

Projects

[=] Publications

> DOE/EPRI 2013
Electricity Storage
Handbook

> DOE Energy
Storage Database

> ES-Select Tool

= Technical Reports

= Conference
Archives

Business

Technology

Energy Storage Safety

Associated Sites

DOE/EPRI 2013 Electricity Storage Handbook

About

The DOE/EPRI 2013 Electricity Storage Handbook in Collaboration with NRECA is a how-to
guide for utility and rural cooperative engineers, planners, and decision makers to plan and
implement energy storage projects.

The Handbook also serves as an information resource for investors and venture capitalists,
providing the latest developments in technologies and tools to guide their evaluations of energy
storage opportunities. It includes a comprehensive database of the cost of current storage
systems in a wide variety of electric utility and customer services, along with interconnection
schematics. A list of significant past and present energy storage projects is provided for a
practical perspective.

The Handbook is jointly sponsored by the U.S. Department of Energy and the Electric Power
Research Institute in collaboration with the National Rural Electric Cooperative Association.

Download

The DOE/EPRI 2013 Electricity Storage Handbook in Collaboration with NRECA is available for
download (PDF, 12.3 mb).

Submit Comments and Questions

Use the form below to contact the DOE/EPRI 2013 Electricity Storage Handbook coordinators
now. If vou would like to submit supporting materials with your comment, please e-mail them
to eshb@sandia.gowv

Mame:

E-mail (required): e.g., "myname@company.com”
Phone number; including area code.
Subject:

Message:
Handbook location: e.d., page or section

| Submit | | Reset |

* DOE/EPRI 2013
Electricity Storage
Handbook in
Collaboration with
MRECA

* PUC Handbook

* DOE Global Energy
Storage Database

» ES-Select Tool

* Safety Codes,
Standards, and
Regulations

* Advanced Energy
Storage Device
Testing

* Electrical Energy
Storage Applications
and Technologies
Conference (EESAT)

* Energy Storage
Technology
Advancement
Partnership (ESTAP)
Webinars

* Energy Storage
Association (ESA)

» Draft
Storage/Stationary
Batteries Standards
List {courtesy of UL)

* Energy and Climate
[SML)



ESHB Update Plan for FY15 ) e

" Engage Advisory Committee with EPRI and NRECA to
review FY15 updates

" Content from EPRI Energy Storage Integration Council
(ESIC) — Details on next slide

"= Update Cost Database in collaboration with EPRI and
NRECA; format change for cost data for increased clarity

" Update technologies especially flow batteries

" |nclude cost data for operational systems in California,

Hawaii and Alaska

#
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What is ESIC? () e

" A public, technical forum led by EPRI to facilitate the
availability and integration of safe, reliable, and cost-

effective energy storage systems, guided by electric utility
needs

= Collaboration between utilities, national labs, regulators,
developers

= 5 working groups: planning/operations, procurement,
Integration

= ESIC will provide significant content guided and reviewed
for utility needs

ﬁ
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ESHB - Reader-friendly Approach @&

" “Road Maps” at the beginning of the Handbook
guide the reader to specific chapters based on their
Interests

" Engineers/System Planners

= System Vendors and Investors

= Regulators and Policy Makers




ESHB Content () &

* Handbook organized in 4 Chapters ~170 pages and
Appendices
= Storage benefits and services
= Storage technologies, cost, performance and maturity
= Methods and tools for evaluating storage
= Storage system procurement and installation

SANDIA REPORT
SAND2013

" Appendices

DOE/EPRI 2013 Electricity Storage
Handbook in Collaboration with NRECA

= System cost details
" Computational tools

= Sample procurement documents
" |nterconnection schematics

(Ah) sandia National Laboratories
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Handbook Roadmaps
Suggested Guide for Utilinty: and Co-op Engineers/System Planners

What are the relevant ase cases for eleciricity storage™
Chapiter 1 identifies storage services and functional wuses including storage for remnewable

infegraiion and provides ranges arnd minimumm reguiremreriis for siorage spsiams wilh
illustraiive eacamples. The use mfgrarﬁﬂ}piiﬂ'ﬂﬁmE@ﬂﬂ Fernaralfion, rarnsmission and

disiriburior (T80 as weall as cusfomeer-sice

Wibhat are the technology opdbons and how cam use cases nt' interest be assessed™
Chapier 2 describes cuprent storaee technologies and their high-level perforrmancs
characteristics, maiurity, and costs in dollars per blowaft (3EW) and dollars per kilowatr
horr (S KR
Chapder 4 iderntifies variows fechnology-assessment fools from prelivminary scresning (o
more detailed analysis. Selected fools are described in Apperndixc 4

Wibhat are the costs and important procuremment and installation isswesT
Chr 4 preseris fwo different sy siam procureamernt/owrnrership opifons for investor-owriead

AFATEr
retilities (TOLUE) and co-opes. It addresses proactical safsly, interconneciior, warrarnty,

coddes izsues fo guide successid praoject compleiion.
B gives defailed sysfem and componenit cost information organized by storage

fechnology. These dafa were obtained ffom sysiem vendors for the variows technologies
curreretly in wse for stafionary applicaiions and were usead fo derive the capifal cosis in

Chapier 2.
Apperndix O provides sample Requeaesis for Informmation (P ond Reguesis for Proposals
(RFPs) that can be modiffed fo suil specific neads and serve as guidaelines for sysiem

ProcliFeErReni Processes.
Apperndix I illusfrates intercormeciion configurations for selectfed storage systems and gives

FEDTES ENETITVE Tferconnection aguipmerd cosits. These configuraiions carr be changed o
el IoPre SPaecific Sifte neads a5 necaessary-

How ]131_!5'- public utility comumnidssions l:I"U'I::‘S::I treated storage a_null 'nrhat are the I'-E-g:nlatﬂ-n'

drivers for storage?
Appendix E provides g comprehensinve review PLULD cases where storage weas included and

fheir oufcomes.
Chiaprer SN ArIZes -E:I':I'.l:l'r_'-'.I!E-l:i' mi:ipmﬂqu _F'-Eu::T-E!r:::!' Energy Regulatory Commeizsion (FERCH

WWhich trade associations are promofing storage and what are the venunes for networking in

this community T
Chiaprer & .Ii-I:EE!.F'I.I!'I:ﬁ-EE fhose indusiry groupes and noi-for-profit conferences that provide
nefworking opporfumiiies with system vendors, tfechnology developeaers, ard ofther wailiiies thar
LT OF m‘gcﬂjmdiﬁ-iﬂgn'nﬂqge, as well as a window mic Federal and State programs that
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Figure 36. Levelized Cost of Energy in $SMWMWh for Different Sodium-sulfur Systems
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Figure 37. Levelized Costs of Capacity $TKW-yr for Different Sodium-sulfur Sy=stems

Addvfional Sodirrme-Suljfrr Baffery Resonirces

1. FProgramn o Technolooy Innovation - Long Island Bus Na'b Baitery Energy Storase
Swystem, EPRI I 1013248 FPRI Palo Alto, CA_  EPEI D 1013248 hiarch 2006
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Chhapt=r 3. Methods arnd Tools for Evaluatimng Electricity Sforsgp=
res

Step 1a: Grid Oppoctoanily f Sodution Sonce pes

Stop 1hb: Grid Servicoe Rloquircomonis

Step 2 Feasible Uise SCases

Step 3 Grid Imppaciks and Incidsavlial BEareslils

Siep d: Electricily Siormsge Busines=s Coasaaes

Figuwure 113. Steps i Electricity Storage Evaluation
(" Sownnses EFRND

F3.2.1 Step 1a: Grid OpportunitySoluton Concepts (“What Electricity Storage
Cam Da™)

Figure 114 ilhistrates Step 1la.

Cefimed

YWhat 1= the grnid
< Can slectricity

storage help™

oeraticnal or
planning problem ™

Figwure 114. Decision Diagram for Step 1a:: Opportuniity Solution Conoepits:
(Sowrrs=- EFRND

F.2.7.7 Whar Is the Griid Operanfonal or Prfarnmndng Probfermn 7

GCmnd operattonal or planmang problems can be anything from a congested transmmss1on line, a
sharp load peak, an ouatage, voltage deviatton cansed by increasaed penstratton of renewable
resources, etc. Some of the serwvices that help relieve those 1ssupes are formmally categonzed
amﬂlarjrsﬁrbinesandcanhﬂp]mnedmrmghmarkﬁm Orthers are sifte-specific issiwes that
reduuire a undguee solution

11=
Few. 0, Jdufy 2073




DA PR 207 3 Hechnoilhy Siiorage Harndbosidk mr Colfaiborainon wrd MRMRE S
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CHAPTER 4. STORAGE SYSTEMS PROCUREMENT AND
INSTALLATION

4.1 Using Business Models for Storage Systems

Storage services for the 1d can be acquored throwngh several bosmess peedels, as showmn 1n
Figure 122 These busmess models rmanoe firomn comtrachne for services only withowt onwmne the
storage system to owinght paochase. The specifiic ophion chosen depends on the varyine needs
and prefearences of the owrner. This chapter provides broad sundelhines for acgmmmes electricity
storage systems using different options_

Energy Storage Business Models

B . i - an e *l:-i:-'.

W okes ade Sarb-simtan CDESES/CES
FERZ NIEO"s Elab= L=

Siale FLNCT=

Busimness Model:
Customer Charmeed

-BI.IIII'I-!I‘ 5 F=-T= ] S
Litility (LSE) Cwnead™

Business Mlodcdel:
LItElify Cravme-d ™

A=
B oo Fovesr

Srid Support Services

IFF — Ise as grid asssalt ESC wiaAggregation
SupplierfYendor - SmnaEartGnd Asset PP
IPF ownead LMty (LSE) owned™
Exampiles; ESCO Utility prograsm
IFF IPF J LSE Contraact Tor

Examples
- S E trial with 1L G- hveEmy

Reguated | MNon Examples: - Sunmverge [ STERM
Fegulated Utility AEP, Mcel Ernvergy” Prudent Enargy / Gills Onions
PGE for CAES ShMUD il
i ol G e SOCGESE" SuniPoasear §F Solar ik
Chevron Ensrgy
—— e . e FAEgulatory Filing ===l I L L

Figure 122. Business Moddsls for Storage Systems
i Sownrcsss (EPRN)

A.1.1 Third-party Ownership

In thas option the storage system is owned, operated. and mamtained by a thard party who
prowvides specific storage services acmr-ﬂ:ngtﬂ a confrachial arrangensent This process 1s Very
similar to fossal generabing statons ™ 1Independent power produacer agresments. The key termns fior
fossil plants under such an operatmys agreernnent | typacally of 20 to 25 years dimatwon, generally
imclhode:

1>4
Rewv. 0, Jufy 2013




DA OO0 3 Hechvoily Siiovrage Hardboodls iy Ceolfsiboraiion ity NRECS
SAppandioe Se Reviews of Selected Tool=

REWVIEW OF SELECTED TOOLS

a1 Technology Screening: ES-Select

The ES-Select™ Tool amnms to imaprowe the understandinge of different electnical energy storage
technolopies and assess the feasabality for mtended applicatioms 1 a smple, visnally conoparaiive
foarmn Thas towol treads the uyneertannties 1n technical and financal paranwters as statistical
distmbubions.

ES-Select™ ywas created by KEMA m collaboration withh Sandha MNational T aboratones It 1s
Ircensad for public mse.

A sample screen caphmwe fromn ES-SelectT™ Tool 15 showmn mm Figure A-1 (belowr).

ES-Select Overview

N 2 step-by-=tep interactive manner, ES-Select identifies and comparas

the feasible Energy Storage (ES) options for diferent gnd applications
1. Ssk=. Locat on
= ok Main Application
= Dotlion Tor. Additional Application s
A, Offers: Feasible ES Options
o Comparas the feasible ES Options
1 'l 3 3 >

Sedditiomnal E55 Fea=ibl= E=F Econmrmiic =ned
the Fdwin or Aonplicaton= = Technical Farsmetere

First E= t= b= for {=raphdc
Soplicarbon Eun-dlk=-d Caorrmnmrisoen S
topethar Eoncitivity Anah=oc

e I

Figure A-1: ES-Select Overview
ES-Select 15 :iamgn.e-dtn-w-nl:'k mﬂ:uﬂ:nem:::e:rtamt.ﬂﬂfstnrage a.mlapp]]:atlﬂm charactenistics,

parameters to calcolate the range of possble answers. Im thns edicational/screeninge tool
sumplicity 1s meore Important than precision Thas decisron support tool 1s made for the imatial
screemnye pappose. hMost facts are stall nimknown to the nser, but some decisions moest be made

based on what 15 knowm at thas poant.

Fage &2

al
tories
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Appendix B: Storage System Cost Details

ories

B.4 Technology Cost Tables

The followmg mumi-charts are orgamzed by service and summanize the detaaled information
the tables for each technology wihach are shown 1 the sections that follow.
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ESHB Summary and Accomplishment@
= Published July 3, 2013 - PDF, 12 MB

" Benefit to industry

" Highly cited document: down loaded 2700+ in
first month

" DOE partnered successfully with EPRlI and NRECA
to produce a valuable reference source for the
industry

" Living Document —ongoing updates, suggestions

from readers and content refinements

ﬁ
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Thank You to the DOE OE and especially

Dr. Imre Gyuk for his dedication and
support to the ES industry and Sandia’s
ES Program.
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